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Renovation is a standard cultural practice for Junebearing 
strawberries, Fraqaria X ananassa Duch., grown in a matted row 
system. It is used widely by Iowa strawberry growers and 
includes removal of leaves by mowing and narrowing the matted 
row by tilling (4). Others have shown removal of the leaves 
immediately after harvest reduced the levels of insect, 
disease and weed pests common to strawberries (4, 11, 12, 20, 
23). However, Guttridge et al. (10) found postharvest 
defoliation did not reduce the number of fruit affected by 
Botrytis cinerea pers. when compared with treatments with 
leaves intact. Removal of the leaves immediately following 
the harvest season, by mowing or burning off the leaves along 
with the straw mulch residue, reduced loss of water through 
evaporative surfaces during dry, hot summers (12, 20). 
Experiments with Junebearing strawberry cultivars demonstrated 
both runner and flower production were controlled by 
photoperiod and growing temperature, with short days being 
inhibitory to runner formation and promotion of flowering and 
long days having the reverse effect (5, 6). 
Guttridge et al. conducted experimentation showing the 
main benefit associated with postharvest defoliation was that 
of increased flower bud initiation (8, 9, 10, 11, 12). 
Defoliation was postulated to remove an inhibitor of flower 
bud initiation located in mature leaves. However, increased 
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floral initiation was not substantiated as later research 
showed the effects of defoliation to vary according to 
cultivar. Mason (13, 14) found that defoliation increased the 
level of flower bud initiation in 'Redgauntlet' and 'Talisman' 
strawberries, but reduced the level in 'Cambridge Favourite' 
and 'Royal Sovereign' strawberries. He concluded that the 
inhibitory effect of defoliation was associated with cultivars 
having strong photoperiodic control of inflorescence. 
During the experiments of Guttridge et al. (5, 6, 7, 8) 
the cultivars 'Redgauntlet' and/or 'Talisman' were used 
exclusively and defoliation increased flower bud initiation. 
Moore (15) worked with post-harvest defoliation of the 
strawberry cultivars 'Blakemore', 'Tennessee Beauty• and 
'Surecrop'. Intervarietal differences were found in response 
to defoliation with the response of a single cultivar varying 
from year to year. With cultivars other than 'Redgauntlet• 
and 'Talisman', it did not appear that the strawberry could be 
made more productive physiologically by postharvest 
defoliation. In fact, defoliation had to be done as soon as 
possible after harvest since later defoliation or repeated 
defoliation interfered with normal floral initiation. Mason 
found that a full canopy of leaves was necessary for 
successful flower initiation (13). 
Defoliation produced an interference in the natural 
balance of leaf tissue, and considerable metabolic 
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disturbances were expected (18). Total defoliation caused 
more lateral buds to break, and because of the increased 
number of leaves produced per plant resulted in a greater 
demand for nutrients (2). Although the period over which it 
exerts an effect is limited, defoliation affected development 
of the next three leaves to emerge and expand. Defoliation 
reduced cell size and increased cell number, which was not a 
factor in the first leaf to emerge but became a factor in 
future leaves as increased cell numbers did not compensate for 
the decrease in cell size (1). 
The question of whether or not renovation is a beneficial 
cultural practice is not recent. In 1939, Waldo (20) noted a 
difference of opinion regarding the effect of topping on 
growth and yield. 
Yield is determined by two components, berry size and 
number of berries. Berry number and the number of trusses 
produced are correlated (10, 11, 21). Research has shown 
defoliation to increase the number of flower trusses formed 
(12, 18), but to decrease the yield of fruit per truss (10). 
Berry number should be a good indicator of the number of 
trusses, and therefore, flower bud initiation. However, 
increased truss formation provided a significant increase in 
yield for defoliated plants with the largest increases seen 
when low yields resulted from a lack of truss formation 
(barren crowns) (10, 11, 12). 
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Another aspect of yield is plant population. The single 
form of reproduction in the field for the cultivated 
strawberry, Fragaria X ananassa Ouch., is asexually by 
runners. Runners root at every second node, forming a 
daughter plant (17, 22). Defoliation affected vegetative 
growth that, via runner production, determined plant 
populations {17, 22). Defoliation reduced runner production 
when compared to plants with leaves intact (4, 18, 20). 
Runner production is extended over a period of time so the 
age of daughter plants will vary widely at the time of flower 
bud initiation (21). Earlier rooted daughter plants produced 
the most flowers. However, research has shown that the 
greater number of flowers produced smaller berries later in 
the harvesting season (16, 21). 
Actual rooting date of daughter plants has been discounted 
as a factor in flower bud initiation, but it does have an 
effect on the time available for growth and development of the 
plant before initiation occurs (16, 21). Other research 
showed that the date of initiation did not depend on the 
number of leaves produced by the runner (3). Determination of 
floral initiation has been attempted using several methods: 
macroscopic, dissection and microtome sectioning (7). In a 
comparative study, Durner and Poling (7) found that 
macroscopic examination was unsuitable for determining 
vegetative or floral status, dissection to uncover the 
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meristem was shown to be moderately effective, while microtome 
sectioning allowed vegetative meristems to be recognized 
easily. However, the subjective categorization of meristem 
sections was found to be an unreliable method for determining 
the floral or vegetative status of a plant. Broadening of the 
meristem accompanied by the assumption of an irregular outline 
is considered an indication of an early stage of flower bud 
development (7, 19). 
Explanation of Thesis Format 
This thesis is written in such a manner that the 
individual sections can be submitted to scientific journals. 
The general introduction and summary are included to provide 
the reader an integrated paper that can be read and 
assimilated easily. 
Section I, "Effects of soil ridge and leaf removal on the 
development of vegetative and yield components", details the 
response of three Junebearing strawberry cultivars to soil 
ridge and leaf removal treatments. This article has been 
written for publication in the Journal of the American Society 
for Horticultural Science. 
Section II, "Effects on flower bud initiation and plant 
size by soil ridge and leaf removal", discusses the effects of 
treatments on preventing barren crowns in Junebearing 
strawberries and treatment effects on the different components 
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that determine plant size. This article has been written for 
publication in HortScience. 
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SECTION I. EFFECTS OF SOIL RIDGE AND LEAF REMOVAL ON THE 
DEVELOPMENT OF VEGETATIVE AND YIELD COMPONENTS 
10 
ABSTRACT 
Junebearing strawberry (Fragaria X ananassa Duch.) 
cultivars, 'Earliglow', 'Redchief', and 'Honeoye' were grown 
under field conditions in a matted row system. After fruit 
harvest was completed, the cultivars were subjected to one of 
the four renovation treatments: leaves removed with a soil 
ridge, leaves removed with no soil ridge, leaves intact with a 
soil ridge, and leaves intact with no soil ridge. Daughter 
plant (rooted runners) production was significantly higher 
when the leaves remained intact than when the leaves were 
removed by mowing for the cultivar 'Redchief'. The presence 
or absence of a soil ridge did not affect the number of 
daughter plants produced for any cultivar. With 'Earliglow' 
total yield and berry number were higher leaves remained 
intact. Neither soil ridge nor leaf removal affected the 
yield of 'Redchief' or 'Honeoye•. Results indicated that 
current renovation practices of leaf removal may be a 
necessary tool to maintain optimum population densities within 
a planting, but this practice may not lead to increased fruit 
yield or berry size in all cultivars. 
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INTRODUCTION 
Renovation of Junebearing strawberries is a standard 
cultural practice used by commercial strawberry growers to 
reduce the levels of insect, disease, and weed pests (3, 8, 9, 
15, 17). Guttridge et al. have shown increases of flower bud 
initiation and yield, for the cultivars 'Talisman' and 
'Redgauntlet•, when leaves were removed after harvest (5, 6, 
7, 8, 9). However, research with other cultivars has not 
shown increases in flower bud initiation or yield {10). The 
cultivars 'Talisman' and 'Redgauntlet' were not strongly 
photoperiodic and were capable of producing two crops in a 
single growing season. The use of a soil ridge is not a 
standard practice for commercial strawberry growers in Iowa. 
A soil-ridge treatment was included to determine effects of 
the increased root zone on vegetative and reproductive growth. 
The purpose of this research was to determine the effects of 
leaf-removal and soil-ridge treatments on the strongly photo-
periodic cultivars 'Earliglow•, 'Redchief', and 'Honeoye'. 
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MATERIALS AND METHODS 
Field plots were located at the Iowa State University 
Horticulture Station, Ames, Iowa. The soil type of the plots 
was a Nicollet loam (fine-loamy, mixed-mesic Aquic Hapludoll). 
Each plot contained three rows, 4.5 m in length, of the same 
cultivar with the center row used for data collection. A 
randomized complete block design with a factorial arrangement 
of treatments was utilized and included three cultivars x two 
soil-ridge X two leaf-removal treatments replicated three 
times, providing 36 plots. The strawberry planting was three 
years old in 1985 at the time of treatment application. 
Cultivars used were 'Earliglow', 'Redchief' and 'Honeoye' 
planted 1.2 m between rows. 
All plants were allowed to grow normally and bear fruit 
before the first renovation treatments were applied. 
Renovation treatments were performed as soon after the 
fruiting season as soil moisture conditions from rainfall 
allowed: June 21, 1985, June 18, 1986 and June 17, 1987. The 
renovation treatments were: leaves intact with a soil ridge, 
leaves intact with no soil ridge, leaves removed with a soil 
ridge and leaves removed with no soil ridge. Different dates 
of renovation reflected the growing season of that particular 
year as all renovation treatments were applied within eight 
days after fruit harvest was completed. 
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A garden tractor with a rotary belly mower was used to 
remove leaves at a height approximately 2.5 cm above the 
crowns on plants receiving the treatments including leaf 
removal. A tractor-mounted tiller was used to narrow the row 
width to 30.5 cm and remove two year old mother plants. After 
mowing and tilling, a soil ridge was added as required by the 
treatments. The use of the tiller produced loose soil on the 
plant row which was removed using a garden rake for the 
treatments without a soil ridge. To create the soil ridge, 
soil was pulled from between the rows and placed around the 
crowns until a uniform soil ridge, approximately 1.25 cm in 
height, was formed on the row. Care was taken to provide a 
soil ridge over the entire row area and to have soil in 
contact with the plant crown where the older leaves were 
attached. 
Iowa commercial growing practices were followed regarding 
pesticide spray schedule, fertilization, irrigation and mulch 
application and removal (4, 11). A double application of 
Napropamide (Devrinol) was incorrectly applied in the fall of 
1985. The effects of the double application of herbicide made 
it necessary to include mother plants in the rows created 
during the 1986 renovation treatment. The runners formed in 
1986 lacked root development, and a uniform row width was not 
possible without including mother plants in the research 
plots. All plots in 1986 contained a similar number of mother 
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plants. Runner production was measured three times between 
renovation and the decrease in runner production due to 
shorter day-lengths. Each year, two representative 0.3lm2 
sections were chosen for data collection for each plot. Data 
collected included: number of plants/0.3lm2 (mother plants and 
daughter plants) and number of daughter plants 
produced/0.3lm2 . For the purpose of evaluation, the term 
"plant" was defined as a strawberry crown with an established 
root system. In the case of daughter plants, the "pegging-
down" of the roots into the soil constituted an established 
root system. But if the nonrooted runner produced additional 
runners, any rooted daughter plants they were counted as 
originating from the first plant of origin with an established 
root system. Yield data collected in 1986 and 1987 from plots 
3 m long and 0.5 m wide and included average berry size, total 
number of berries, and total yield. Yield data included all 
fruit that had set regardless of size. Variance and least 




Runners. There were no significant interactions between 
soil ridge and leaf removal treatments in 1985 (data not 
shown). Because the interaction was insignificant, the 
treatments were concluded to act independently of each other 
(13). Because of the lack of significant interactions between 
soil ridge and leaf removal treatments and significant 
interaction found between cultivars and soil ridge or leaf 
removal treatments, data are presented as cultivar by cultural 
treatment interaction. 
In 1985, the presence or absence of a soil ridge did not 
affect the number of plants/0.31m2 within a cultivar (Table 
1). Differences were seen between cultivars during August 19 
and September 12 data collection. Under the treatment no-soil 
ridge, 'Redchief' produced fewer plants/0.31m2 than 
'Earliglow' on August 19. However, on September 12, there was 
no difference between cultivars for the treatment without a 
soil ridge, but with a soil ridge, 'Earliglow' produced fewer 
plants/0.3lm2 than 'Honeoye•. 
In 1985, on the July 31 sampling date, 'Earliglow' with a 
soil ridge had produced a greater number of daughter plants 
with no difference found between 'Earliglow' with no soil 
ridge and either 'Redchief' or 'Honeoye' with or without a 
soil ridge (Table 2). On the August 19 sampling date, no 
differences were evident between cultivars or soil ridge 
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treatments. By September 12, 'Earliglow' had produced more 
daughter plants than 'Honeoye' under both soil ridge 
treatments, but was no different from 'Redchief'. 
Leaf removal in 1985 did not affect the number of 
plants/0.31m2 within or between cultivars on any of the 
sampling dates (Table 3). 
For all three cultivars, leaf removal was associated with 
a reduction in daughter plant density on the July 31 sampling 
date (Table 4). However, on the succeeding sampling dates no 
differences between leaf removal and leaves remaining intact 
were found for any of the cultivars. By the September 12 
sampling date, 'Earliglow' with leaves removed had a higher 
daughter plant density than 'Redchief' or 'Honeoye'. This was 
also evident with leaves intact on this sampling date with 
'Earliglow' having a greater daughter plant density than 
'Honeoye•. 
The first measurements taken in 1986 were delayed 
compared with 1985 due to herbicide-related stress shown by 
the plants. The stress appeared uniform across the treatments 
with all plots showing leaf damage but no plant death. This 
stress slowed plant recovery after renovation and delayed 
runner production. 
Within a cultivar, soil ridge treatments in 1986 did not 
affect the number of plants/0.31m2 with the exception of 
'Earliglow' on September 30 (Table 5). Between cultivars, 
17 
differences between plant densities were apparent on August 15 
with 'Honeoye' having a greater plant density than both 
'Earliglow' and 'Redchief', with or without a soil ridge. On 
September 5, 'Honeoye' and 'Earliglow' with no soil ridge had 
a greater plant density than 'Redchief', but these differences 
did not exist on September 30. The differences shown on 
August 15 between cultivars with a soil ridge did not exist on 
the later sampling dates. Within a cultivar, soil-ridge 
treatments did not affect the daughter plant density for any 
cultivar in 1986 collection dates (Table 6). Between 
cultivars, 'Earliglow' had a greater daughter plant density 
during all three collection periods than 'Redchief' or 
'Honeoye'. 
Leaf-removal treatments within cultivars did not produce a 
clear trend for plant density in 1986 (Table 7). Within a 
cultivar, 'Honeoye' with leaves intact had a greater plant 
density than with leaves removed on the first two collection 
dates, 'Earliglow' with leaves intact on the last two, and 
'Redchief' showed no difference throughout the collection 
period. When a difference occurred, the leaves-intact 
treatment produced the greater plant density. 
Differences were found in 1986 between leaf-removal 
treatments for daughter plant density (Table 8). Within a 
cultivar the leaves-intact treatment produced the greatest 
daughter plant density. 'Redchief' with leaves intact had a 
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higher daughter plant density throughout the season, 'Honeoye' 
with leaves intact had a higher daughter plant density only on 
September 5 and 'Earliglow' showed no differences on all three 
sampling dates. 
The second year of the study did not produce similar 
results as in 1985. Differences between leaf-removal 
treatments were found for the number of daughter plants/0.3lm2 
only on July 31, 1985. In 1986, differences were seen for the 
number of plants/0.3lm2 and number of daughter plants/0.3lm2 
throughout the data collection periods. 
Yield. Yield data, consisting of berry number, average 
berry size and total yield, were collected during the 1986 and 
1987 growing seasons. 
Within a cultivar, neither soil-ridge treatment produced a 
difference in total yield in 1986 (Table 9). 'Redchief' with 
no soil ridge had a greater number of berries than with a soil 
ridge, but this difference did not exist in 'Earliglow' and 
'Honeoye•. 'Honeoye' with a soil ridge had a larger average 
berry size than with no soil ridge while 'Earliglow' and 
'Redchief' did not show the difference. Cultivar differences 
were seen for both soil- -ridge treatments on all three dates 
of data collection with no clear trends present. 
Keeping the leaves intact produced a higher yield in 1986 
with 'Earliglow' (Table 10). 'Redchief' and 'Honeoye' did not 
show a difference between leaf removal treatments. 
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'Earliglow' also produced more berries on plants with leaves 
intact than with leaves removed (Table 10). 
Leaf removal had no effect on berry size for any of the 
cultivars (Table 10). There were significant differences 
between cultivars within a treatment. 'Honeoye' had the 
largest berry size, 'Earliglow' the smallest, and 'Redchief' 
had a median berry size for both leaf removal treatments. 
As in 1986, soil-ridge treatments in 1987 showed no 
differences within cultivars for total yield, berry number or 
berry size (Table 11). Differences were seen between 
cultivars for total yield and berry size but not berry number. 
'Honeoye' produced the greatest total yield regardless of the 
soil-ridge treatment. With a soil ridge 'Honeoye' had the 
greatest total yield, 'Earliglow' the smallest, and 'Redchief' 
was intermediate. When no soil ridge was applied there was no 
difference seen between 'Earliglow' and 'Redchief'. 
The effect of soil-ridge treatments on average berry size 
followed similar trends as for total yield. 'Honeoye' had the 
largest average berry size for either soil-ridge treatment. 
With a soil ridge, 'Earliglow' had the smallest berry size 
with 'Redchief' having a berry size different from both 
'Honeoye' and 'Earliglow'. With no soil ridge, 'Earliglow' 
and 'Redchief' had a smaller berry size than 'Honeoye' but 
were not different from one another. 
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The effect of leaf removal on total yield in 1987 showed 
differences for 'Redchief' and 'Honeoye' with the leaves-
intact treatment providing a larger yield (Table 12). 
'Honeoye' produced a larger yield than both of the other 
cultivars with the leaves-removed treatment. 'Earliglow' and 
'Redchief' were not different from each other. With leaves 
intact, 'Honeoye' again had a larger yield than 'Redchief' 
while 'Earliglow' had the lowest yield. 
'Earliglow' and 'Redchief' produced a greater number of 
berries with the leaves-intact treatment producing more 
berries (Table 12). There were no differences between cul-
tivars within treatments for number of berries. 
'Redchief' was the only cultivar to show differences of 
berry size, with the leaves-intact treatment producing the 
largest berry size. Differences were seen between cultivars 
for berry size, with 'Honeoye' having a larger berry size than 
'Redchief' which in turn were larger than 'Earliglow•. 
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Table 1. Effect of Soil Ridge on Number of Plants/0.31m2 for 
the Cultivars 'Earliglow', 'Redchief' and 'Honeoye', 
1985z 
July 31 August 19 September 12 
Soil No Soil Soil No Soil Soil No Soil 
Cul ti var Ridge Ridge Ridge Ridge Ridge Ridge 
Earliglow 8.17 10.00 10.08 11.42 10.67 11.92 
Redchief 8.83 8.33 9.70 8.83 12.08 11.33 
Honeoye 9.17 8.66 9.58 11. 00 12.25 12.50 
LSD (0.05)y NS 2.47 1.49 
zAll plants with established root systems including 
runners having peg roots set in the soil. Runners with peg 
roots not set in the soil were not counted as plants. 
YThe LSD is used to compare any two means in this table 
for a given date. 
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Table 2. Effect of So~l Ridge on the Number of Daughter 
Plants/0.3lm for the Cultivars 'Earliglow', 
'Redchief' and 'Honeoye', 1985z 
July 31 
Soil 
Cul ti var Ridge 
Earliglow o. 83 
Redchief O. 53 
































zAll plants with established root systems including 
runners having peg roots set in the soil. Runners with peg 
roots not set in the soil were not counted. 
YThe LSD is used to compare any two means in this table 
for a given date. 
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Table 3. Effect of Leaf Removal on Number of Plants/0.3lm2 for 
the Cultivars 'Earliglow', 'Redchief' and 'Honeoye', 
1985z 
July 31 August 19 September 12 
Leaves Leaves Leaves Leaves Leaves Leaves 
Cul ti var Removed Intact Removed Intact Removed Intact 
Earliglow 8.50 9.67 9.92 11.58 10.92 11. 67 
Redchief 9.50 7.67 9.25 9.28 11.58 11.83 
Honeoye 9.50 8.33 10.33 10.25 11.50 13.25 
LSD (0.05)y NS NS NS 
zAll plants with established root systems including run-
ners having peg roots set in the soil. Runners with peg roots 
not set in the soil were not counted as plants. 
YThe LSD is used to compare any two means in this table 
for a given date. 
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Table 4. Effect of Le~f Removal on Number of Daughter 
Plants/0.3lm for the Cultivars 'Earliglow', 
'Redchief' and 'Honeoye', 1985z 
July 31 
Leaves Leaves 
Cul ti var Removed Intact 
Earliglow 0.46 0.89 
Redchief O. 1 7 0.86 
Honeoye O • 2 7 0.86 















YRunners with established root systems including runners 
having peg roots set in the soil. Runners with peg roots not 
set in the soil were not counted. 
zThe LSD is used to compare any two means in this table 
for a given date. 
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Table 5. Effect of Soil Ridge on Number of Plants/0.3lm2 for 
the Cultivars 'Earliglow', 'Redchief' and 'Honeoye', 
1986z 
August 15 September 5 September 30 
Soil No Soil Soil No Soil Soil No Soil 
Cul ti var Ridge Ridge Ridge Ridge Ridge Ridge 
Earliglow 8.17 8.92 8.33 9.25 8.16 9.83 
Redchief 7.75 8.00 8.42 8.25 9.16 8.92 
Honeoye 9.50 9.75 9.08 9.83 8.92 9.72 
LSD (0.05)y 1. 75 1. 35 1.56 
zAll plants with established root systems including run-
ners having peg roots set in the soil. Runners with peg roots 
not set in the soil were not counted as plants. 
YThe LSD is used to compare any two means in this table 
for a given date. 
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Table 6. Effect of So~l Ridge on Number of Daughter 
Plants/0.31m for the Cultivars 'Earliglow•, 
'Redchief' and 'Honeoye•, 1986z 
August 15 September 5 September 30 
Soil No Soil Soil No Soil Soil No Soil 
Cul ti var Ridge Ridge Ridge Ridge Ridge Ridge 
Earliglow 0.41 0.56 0.52 0.62 0.59 0.70 
Redchief 0.28 0.23 0.37 0.28 0.37 0.29 
Honeoye 0.26 0.19 0.32 0.20 0.30 0.21 
LSD (0.05)y 0.17 0.16 0.19 
zAll plants with established root systems including run-
ners having peg roots set in the soil. Runners with peg roots 
not set in the soil were not counted. 
YThe LSD is used to compare any two means in this table 
for a given date. 
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Table 7. Effect of Leaf Removal on Number of Plants/0.31m2 for 
the Cultivars 'Earliglow', 'Redchief' and 'Honeoye', 
1986z 
August 15 September 5 September 30 
Leaves Leaves Leaves Leaves Leaves Leaves 
Cul ti var Removed Intact Removed Intact Removed Intact 
Earliglow 7.91 9.16 8.00 9.58 7.83 10.17 
Redchief 7.25 8.50 7.83 8.83 9.08 9.00 
Honeoye 8.33 10.92 a.so 10.42 8.75 9.92 
LSD (O.OS)y 1. 75 1.35 1.56 
zAll plants with established root systems including 
runners having peg roots set in the soil. Runners with peg 
roots not set in the soil were not counted as plants. 
YThe LSD is used to compare any two means in this table 
for a given date. 
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Table 8. Effect of Le~f Removal on Number of Daughter 
Plants/0.3lm for the Cultivars 'Earliglow', 
'Redchief' and 'Honeoye', 1986z 
August 15 September 5 September 30 
Leaves Leaves Leaves Leaves Leaves Leaves 
Cul ti var Removed Intact Removed Intact Removed Intact 
Earliglow 0.43 0.54 0.58 0.56 0.68 0.61 
Redchief 0.10 0.41 0.20 0.43 0.20 0.46 
Honeoye 0.15 0.30 0.17 0.36 0.17 0.34 
LSD (0.05)y 0.17 0.16 0.19 
zRunners with established root systems including runners 
having peg roots set in the soil. Runners with peg roots not 
set in the soil were not counted. 
YThe LSD is used to compare any two means in this table 
for a given date. 
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Table 9. Effect of Soil Ridge on Total Yield, Berry Number and 
Berry Size for the Cultivars 'Earliglow', 'Redchief' 
and 'Honeoye', 1986 
Average 
Total Yield (g) Berry Number Berry Size (g) 
Soil No Soil Soil No Soil Soil No Soil 
Cul ti var Ridge Ridge Ridge Ridge Ridge Ridge 
Earliglow 2527. 2 2558.3 620.8 629.5 4.07 4.06 
Redchief 2834.3 3051. 5 508.0 592.0 5.57 5.25 
Honeoye 3680.5 3312.8 551. 7 550.2 6.75 6.05 
LSD (0.05)z 375.8 72.7 0.59 
zThe LSD is used to compare any two means in this table 
for a given variable. 
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Table 10. Effect of Leaf Removal on Total Yield, Berry Number 
and Berry Size for the Cultivars 'Earliglow', 
'Redchief' and 'Honeoye', 1986 
Total Yield (g) Berry Number 
Average 
Berry Size (g) 
Leaves Leaves Leaves Leaves Leaves Leaves 









679.0 3.86 4.28 
577.5 5.56 5.26 
555.2 6.59 6.21 
0.59 
zThe LSD is used to compare any two means in this table 
for a given variable. 
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Table 11. Effect of Soil Ridge on Total Yield, Berry Number and 
Berry Size for the Cultivars 'Earliglow', 'Redchief' 
and 'Honeoye•, 1987 
Average 
Total Yield (g) Berry Number Berry Size (g) 
Soil No Soil Soil No Soil Soil No Soil 
Cul ti var Ridge Ridge Ridge Ridge Ridge Ridge 
Earliglow 1242.5 1173.3 511.0 474.8 2.56 2.54 
Redchief 1618.7 1347.3 470.8 451.0 3.46 2.85 
Honeoye 1991. 3 2141. 0 423.5 495.0 4.72 4.3 
LSD (0.05)z 313.7 NS 0.58 
zThe LSD is used to compare any two means in this table 
for a given date. 
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Table 12. Effect of Leaf Removal on Total Yield, Berry Number 
and Berry Size for the Cultivars 'Earliglow', 
'Redchief' and 'Honeoye', 1987 
Total Yield (g) Berry Number 
Average 
Berry Size (g) 
Leaves Leaves Leaves Leaves Leaves Leaves 
Cultivar Removed Intact Removed Intact Removed Intact 
Earliglow 1165.2 1250.7 448.8 537.0 2.78 2.32 
Redchief 1142.8 1823.2 386.3 535.5 2.85 3.45 
Honeoye 1924.7 2207.7 424.5 494.0 4.57 4.49 
LSD (0.05)z 256.1 77.8 0.47 
zThe LSD is used to compare any two means in this table 
for a given variable. 
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DISCUSSION 
When cultivar, soil ridge, and leaf removal treatment 
effects were examined, there appeared to be no consistent 
pattern between soil-ridge and leaf-removal treatments for 
both years. When cultivar treatments were examined, cultivar 
differences were evident in almost all cases. The effects of 
cultivar by treatment interactions were presented to better 
define the differences that existed between cultivars. 
Differences between cultivars were expected. It is known 
that cultivars have different characteristics, including 
yield, berry size, cold hardiness, or disease resistance. As 
with the above mentioned traits, past research has found the 
benefits or detriments of renovation to be variable by 
cultivar (3, 5, 10). 
Variability between cultivars was shown continuously 
during 1985 and 1986 for both soil ridge and leaf removal 
treatments. At no time during the sampling periods did 
'Redchief' show a difference between treatments. In 1986, the 
leaves-intact treatment consistently produced the highest 
plant density with all cultivars during the first two sampling 
periods. This was consistent with past research that showed 
defoliation reduced runner production and, therefore, plant 
population within a row (3, 14, 15, 16). Defoliation could be 
a useful tool to the strawberry grower to reduce runner 
production early in the year and keep plant densities within 
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the row closer to an optimum level as was seen with 'Honeoye' 
on August 15, 1986 (Table 7). Optimum density for a matted 
row system in the strawberry is 4-7 plants per square foot. 
At the end of the 1985 growing season 'Honeoye' has almost 
twice the number of plants (11.50) that is considered optimum 
(Table 3). However, on August 15, 1986 'Honeoye' has a plant 
density of 8.33, just over the optimum (Table 7). The 
reduction in plant number from one year to the next is 
probably due to winter kill so additional plants in the row 
are desired at the end of the growing season. 
It has been suggested that the early production of runners 
and subsequent early production of daughter plants, could 
potentially increase yield by creating larger, more developed 
daughter plants for floral initiation in the fall (12). If 
this were the case, plants with leaves intact and earlier 
daughter plant formation should have shown an increase in 
yield. The results did not show any yield increase in 1986, 
but did show a yield increase in 1987 with 'Redchief' and 
'Honeoye•. 
Past research has shown earlier-rooted daughter plants 
produced more flowers than those that rooted later, but an 
increase in yield was not seen because the flowers produced 
smaller berries later in the harvesting season (16). In this 
study, average berry size for the season was not reduced by 
early daughter plant production in any of the three cultivars 
35 
in 1986 or 1987 (Tables 10, 12). Early daughter plant 
production by 'Earliglow• in 1985 produced greater total yield 
and berry number in 1986, with the leaves-intact treatment 
(Tables 4, 10). In 1987, berry size, berry number, and total 
yield were larger for 'Redchief' after early daughter plant 
production in 1986 (Table 8, 12). 'Honeoye' also had a larger 
total yield without a reduction in berry size in 1987. 
The soil-ridge treatment was included due to the concept 
that by providing a media for new roots to grow into, a larger 
crown would form, that was better able to obtain water and 
nutrients. The larger crown would have the capacity to 
support a larger fruit load. However, the addition of a soil 
ridge did not increase total yield, berry size or berry 
number. 
The effects of cultivar and soil ridge were examined to 
obtain information on the role each treatment played in 
renovation. The only benefit derived from the soil-ridge 
treatment was an increase in plant density with 'Earliglow• on 
September 30, 1986 (Table 5), and an increase in 
daughter plant density with 'Earliglow' on July 31, 1985 
(Table 2). These differences do not support the concept of a 
soil ridge because the advantage shown by the soil-ridge 
treatment varied between 1985 and 1986. On July 31, 1985 
'Earliglow' had the greatest daughter plant density with the 
soil-ridge treatment. on September 30, 1987 the no soil-ridge 
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treatment produced the greatest plant density. This could be 
due to the removal of the plants the following season during 
renovation. With daughter plants involved, the benefit of a 
growing media for new roots may not play a major role. If a 
benefit of a soil ridge were shown during this experiment it 
should have been following the 1986 renovation. Due to an 
incorrect herbicide application in 1985, new runners were 
delayed in setting peg roots. Because of the decrease in 
plant number, two-year-old "mother plants" remained after 
narrowing of the rows at renovation. These two-year-old 
plants had the capacity to produce new roots as old leaves 
died higher up on the crown, out of the growing media of a no 
soil ridge treatment. However, no consistent increase in 
plant density or daughter plant density was seen with any 
cultivar following the 1986 renovation. No differences were 
seen within a cultivar in 1987 for any of the yield 
components. While the concept of a soil ridge providing a 
growing media may be a valid concept, it was not shown to be 
beneficial during the course of this experiment. Leaf removal 
treatments had a much greater influence on the vegetative 
growth parameters than did soil ridge treatments. When 
differences were found, treatments including leaves intact had 
larger values of the parameter in question. 
On the first date of data collection in 1985, plants 
receiving the leaves-intact treatment had more than two times 
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the number of plants producing runners than did plants with 
the leaves removed (Table 4). The same trend was shown in 
1986 for all cultivars except 'Earliglow' (Table 8). 
While differences remained throughout the sampling 
periods, plants with leaves removed produced more daughter 
plants in the latter part of the growing season than did the 
plants with leaves intact. This resulted in a similar number 
of daughter plants between the two treatments at the end of 
the season. 
This research has shown that renovation techniques, as 
used by commercial strawberry growers in the state of Iowa, 
did not increase yield and/or berry size significantly. The 
use of a soil ridge should not be considered an important 
factor when looking at renovation techniques as it produced no 
real effect, beneficial or detrimental. Stress from 
defoliation has been shown to decrease leaf size and to 
interfere with the natural balance of leaf tissue 
resulting in a greater demand for nutrients as increased 
number of leaf buds break to try to compensate for leaf area 
lost to defoliation (1, 2, 15). The removal of leaves during 
renovation could be used as a management tool to keep 
population densities at a manageable level before and during 
harvest by controlling early runner production. 
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SECTION II. EFFECTS ON FLOWER BUD INITIATION AND PLANT 
SIZE BY SOIL RIDGE AND LEAF REMOVAL 
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ABSTRACT 
Effects of leaf-removal and soil-ridging renovation 
treatments on the time of flower bud initiation for the 
Junebearing strawberry cultivars, 'Earliglow', 'Redchief', and 
'Honeoye' were determined by microtome sectioning. Leaf 
removal at renovation did not produce any significant 
differences within or between cultivars, in either 1986 or 
1987. In 1986, 'Redchief' produced earlier flower bud 
initiation with the addition of a soil ridge. However, in 
1987, 'Redchief' had more crowns initiating flower buds when 
no soil ridge was applied. 
Leaf-removal and soil-ridge treatment effects on plant 
size, as determined by dry weight, were examined. The 
addition of a soil ridge did not crown, leaf, or root dry 
weight. Leaf removal produced a lower leaf dry weight in 1986 
for the cultivars 'Redchief' and 'Honeoye', but no 
differences were evident in 1987. 
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INTRODUCTION 
This research project investigated the effect of leaf 
removal and soil ridging on the time of flower bud initiation 
and on plant size. This research was conducted concurrently 
with research involving leaf-removal and soil-ridge treatments 
during renovation of Junebearing strawberries, Fragaria X 
ananassa Duch •. 
Timing of the occurrence of flower bud initiation has been 
the subject of research since 1899 {16). The time of flower 
bud initiation has been shown to be valuable in the timing of 
cultural practices {15). Experiments with Junebearing 
strawberry cultivars have shown that flower bud initiation is 
controlled by photoperiod and temperature (4, 5, 14) and is 
variable among cultivars when subjected to leaf removal {10, 
13) . 
Renovation treatments involving leaf removal have been 
shown to reduce the number of barren crowns in a strawberry 
planting (7, 8, 9) as well as influencing the amount of flower 
bud initiation by removing a floral inhibitor found in mature 
leaves (8, 14). Also, it has been shown that intervarietal 
differences in response to defoliation exist, and the response 
of a single cultivar can vary from year to year {12). 
However, others have found leaf removal at renovation does not 
produce greater yield or flower bud initiation and can 
sometimes have the opposite effect {12, 13). 
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Research has been done on the methods for determination of 
flower bud initiation but the recommended method varies by 
researcher (1, 6, 15). Durner and Poling (6) compared 
macroscopic flower cluster production, dissection under a 
stereoscope, and microtome sectioning of apical meristems to 
determine the status of flower bud initiation. These 
researchers found dissection under a stereoscope to be the 
most accurate method of determining floral initiation and 
macroscopic determination to be unsuitable for determining 
vegetative or floral status. Researchers using the 
stereoscope method commonly used crowns collected during the 
winter to provide evidence of flower bud initiation , but not 
necessarily the time of initiation (10, 11, 13). The time of 
flower bud initiation was estimated by dissection of crowns. 
The locations of the flower buds were then correlated to leaf 
bud positions and the date of expansion of the last mature 
leaf was used to determine the approximate date of initiation 
( 6) • 
Waldo (15), found microtome sectioning of the apical 
meristem to be the best method to determine flower bud 
initiation. Waldo and other regard broadening between the 
leaf primordia of the meristem, accompanied by the assumption 
of an irregular outline, as an indication of an early stage of 
flower bud development. Microtome sectioning and stereoscopic 
examination of crowns were evaluated for positive 
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determination of flower bud initiation in this research. 
Arney (1) found that runners formed early in the growing 
season produced more flowers than runners formed later. He 
also showed that time of runner formation, as determined by 
leaf number, did not affect the time of flower bud initiation. 
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MATERIALS AND METHODS 
Field plots were located at the Iowa State University 
Horticulture Station, Ames, Iowa. The soil type of the plots 
was a Nicollet loam (fine-loamy, mixed-mesic Aquic Hapludoll). 
Each plot contained three rows, 4.5 m in length, of the same 
cultivar with the center row used for data collection. A 
randomized complete block design with a factorial arrangement 
of treatments was utilized and 
included three cultivars X two soil-ridge X two leaf-
removal treatments replicated three times, providing 36 plots. 
Cultivars included in the study were 'Earliglow', 'Redchief' 
and 'Honeoye' planted 1.2 m between rows. The strawberry 
planting was four years old and had two years (1985, 1986) of 
leaf removal and soil ridge treatments applied before crowns 
were evaluated for flower bud initiation in 1986 and 1987. 
After renovation treatments were applied, the plants were 
allowed to grow normally. Appropriate fertilization and 
irrigation practices were followed to maintain excellent 
growth and development. At three collection dates in each 
treatment year, August 15, September 2, September 17, 1986, 
and August 25, September 10, and September 25, 1987, three 
plants were removed from each plot and prepared for 
microscopic determination of flower bud initiation. 
Flower bud initiation. Three daughter plants were removed 
from each plot giving a sample size of nine for each 
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treatment. Plants were stripped of their mature leaves and 
placed in plastic bags containing damp paper towels to prevent 
desiccation. After transportation to the laboratory, the 
excised crowns were washed and placed under a binocular scope 
at 25 X power to aid in removal of excess vegetative growth to 
better expose the apical meristem. The meristem was then 
removed from the crown using a single-edge razor blade. Some 
of the woody crown was allowed to remain to avoid damaging the 
meristem. 
The excised meristems were then processed by standard 
procedures into Fisher Tissueprep (56° mp) and sectioned on a 
rotary microtome at 10 micrometers thickness (2). 
Slides were stained using Safranin in 50% alcohol followed 
by a counterstain of chlorazol black E in 100% alcohol (2). 
Slide-mounted sections were examined using a microscope at 400 
X power. Crowns showing flower bud initiation were given a 
rating of one and barren crowns were rated as o. Flower bud 
initiation was determined by a broadening of the apical 
meristem and the accompanying irregular outline on the outside 
edges (15) (Figure 1). Meristems without apparent broadening 
were considered vegetative (Figure 1). 
Dry weight. After renovation treatments were applied in 
the field, the plants were allowed to grow normally. 
Appropriate cultural practices were used to maintain plant 
vigor. During the last week in September, three daughter 
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plants were removed from each plot giving a sample size of 9 
for each treatment. A soil ball, approximately 20 cm in 
diameter was retained with the plant to obtain the root 
system. The soil ball was soaked in water and the roots were 
rinsed with tap water to remove soil from the roots. 
Plants were divided into three vegetative components: 
leaves, roots, and crowns. Leaves were removed at the point 
of attachment to the crown, retaining the entire petiole and 
stipules. All roots were removed at the point of attachment 
to the crown using a single-edge razor blade. The remainder 
of the plant was classified as the crown. 
The plant parts were then dried in a forced air oven at 70 
± lC for a minimum of 72 hours. Samples were then weighed and 
an average was obtained from the three samples representing a 
plot. Variance and least significant differences (P = 0.05) 
were calculated for each variable. 
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RESULTS 
There were no significant interactions between soil ridge 
and leaf removal treatments in 1986 or 1987 (data not shown). 
Because of the lack of significant interactions between soil 
ridge and leaf removal treatments and significant interaction 
found between cultivars and soil ridge or leaf removal treat-
ments, data are presented as cultivar by cultural treatment 
interaction. 
Flower bud initiation. The soil-ridge treatments did not 
affect the time of flower bud initiation with the exception of 
'Redchief' (Table 1). On September 2, 1986, plants without a 
soil ridge had greater flower initiation than those with a 
soil ridge. Cultivar differences were shown as 'Redchief' had 
flower bud initiation in 50% of the crowns sectioned compared 
to 'Earliglow' and 'Honeoye' with 17% of the crowns showing 
initiation. However, by September 17, there were no 
differences between treatments or cultivars. 
'Redchief' had greater earlier flower bud initiation on 
August 25, 1987 with the presence of a soil ridge (Table 1). 
Other than the first date of data collection, there were no 
differences between treatments or cultivars. 
Leaf removal treatments did not affect flower bud 
initiation within or between cultivars, in either 1986 or 1987 
(Table 2). 
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Microtome sectioning was found to be the best method of 
determining flower bud initiation before flower bud formation. 
Stereoscopic examination of crowns to determine initiation did 
not provide the detail of the apical meristem needed to make a 
determination between vegetative and floral status (data not 
shown). 
Dry weight. Differences in plant dry weight were seen 
between cultivars in 1986 and 1987 (Table 3). Root dry weight 
showed differences between cultivars when no soil ridge was 
applied, but no differences between cultivars with a soil 
ridge. The use of a soil ridge did not produce a increase in 
crown, leaf or root dry weight when compared to plants 
receiving no soil ridge. 
Differences between leaf removal treatments occurred for 
'Redchief' and 'Honeoye' in 1986 for leaf dry weight (Table 
4). Removal of the leaves produced only 54 and 70%, 
'Redchief' and 'Honeoye', respectively, of the leaf weight 
compared to plants with leaves intact. Cultivar differences 
were seen for leaf and root dry weights in 1986. In 1987, 
crown and leaf dry weights did not show any differences 
between cultivars. 'Honeoye' had a larger root dry weight 
than 'Earliglow' with 'Redchief' intermediate for the leaves 
removed treatment. 
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Table 1. Effect of Soil Ridge on Time of Flower Bud Initiation 
for the Cultivars 'Earliglow', 'Redchief' and 
'Honeoye', 1986, 1987.z 
Soil No Soil Soil No Soil Soil No Soil 
1986 Ridge Ridge Ridge Ridge Ridge Ridge 
August 15 September 2 September 17 
Earliglow o.oo o.oo 0.28 0.17 0.67 0.89 
Redchief 0.06 0.06 0.17 0.56 0.73 0.83 
Honeoye 0.00 0.06 0.22 0.17 0.78 0.67 
LSD (0.05)y NS 0.32 NS 
1987 
August 25 September 10 September 25 
Earliglow 0.00 0.00 0.39 0.33 0.89 0.95 
Redchief 0.11 0.00 0.56 0.50 0.95 0.84 
Honeoye 0.06 0.00 0.44 0.33 0.89 0.95 
LSD (0.05)y 0.09 NS NS 
zAverage number of crowns with flower buds initiated. 
1.00 indicates all crowns initiated flower buds. 
YThe LSD is used to compare any two means in this table 
for a given date. 
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Table 2. Effect of Leaf Removal on Time of Flower Bud 
Initiation for the Cultivars 'Earliglow', 'Redchief' 





Earliglow o.oo o.oo 
Redchief 0.06 0.06 
Honeoye 0.00 0.06 
LSD (0.05)y NS 
1987 
August 25 
Earliglow o.oo 0.00 
Redchief 0.11 0.00 
Honeoye o.oo 0.06 
LSD (0.05)y NS 
Leaves Leaves Leaves Leaves 
Removed Intact Removed Intact 
September 2 September 17 
0.28 0.17 0.72 0.84 
0.28 0.45 0.72 0.84 
0.17 0.22 0.78 0.67 
NS NS 
September 10 September 25 
0.28 0.45 0.84 1. 00 
0.39 0.67 0.89 0.89 
0.50 0.28 0.89 0.95 
NS NS 
zAverage number of crowns with flower buds initiated. 
1.00 indicates all crowns initiated flower buds. 
YThe LSD is used to compare any two means in this table 
for a given date. 
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Table 3. Effect of Soil Ridge on Crown, Leaf, and Root Dry 
Weight for the Cultivars 'Earliglow•, 'Redchief' and 







Earliglow 5.69 5.68 
Redchief 6.37 5.86 
Honeoye 5.82 7.77 
LSD (0.05)y NS 
1987 
Crown 
Earliglow 5.83 6.73 
Redchief 5.95 5.74 
Honeoye 7.36 7.63 






























zThe LSD is used to compare any two means in this table 
for a given variable. 
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Table 4. Effect of Leaf Removal on Crown, Leaf, and Root Dry 
Weight for the Cultivars 'Earliglow', 'Redchief' and 
'Honeoye•, 1986, 1987.z 
1986 
Leaves Leaves Leaves Leaves Leaves Leaves 







































YThe LSD is used to compare any two means in this table 
for a given variable in a single year. 
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Figure 1. Top: Longitudinal section of strawberry crown 
showing broadening of apical meristem (between 
arrows) indicating flower bud initiation. 
Bottom: Longitudinal section of strawberry crown 





Others have shown that flower bud initiation is variable 
among cultivars when subjected to leaf removal and/or root 
pruning (3, 10). Earlier flower bud initiation was not 
consistent across the sampling time in either 1986 or 1987 for 
soil-ridge treatments (Table 1). This research showed that 
flower bud initiation was significantly earlier for 'Redchief' 
without a soil ridge but did not increase the total number of 
crowns with flower buds initiated. 
Other researchers have found that the removal of leaves 
would either increase or decrease the number of crowns that 
initiate flower buds depending on cultivar (10, 14). In this 
study, leaf removal did not affect flower bud initiation in 
either 1986 or 1987. However, research showed that 
intervarietal differences with response to defoliation and the 
response of a single cultivar varied from year to year. 
Removal of the leaves at renovation reduced the number of 
barren crowns (7, 8, 9). The effectiveness of the treatment 
was greatest when conditions in the fall of the year did not 
favor flower bud initiation (7, 8, 9). 
Experiments with Junebearing strawberry cultivars showed 
that flower bud initiation was controlled by photoperiod and 
temperature, with short days and relatively low temperatures 
needed to promote flower bud initiation (4, 5, 14). None of 
the soil ridge or leaf removal treatments produced an effect 
56 
over the entire growing season on the number of crowns that 
initiated flower buds in either 1986 or 1987. This is in 
contrast to results found by Guttridge and Mason where 
defoliation increased flower bud formation (7, 8, 9). With 
the introduction of new cultivars it appears that defoliation 
does not have the same effect as with 'Talisman' and 
'Redgauntlet' and increased flower bud formation is no longer 
a reason for leaf removal at renovation. Cultivar differences 
were found and these differences correspond with the 
variability between cultivars seen by others in response to 
leaf removal (10, 14). When differences between cultivars 
were found, 'Redchief' always had the greatest rate of 
initiation of flower buds (Tables 1, 2). 
Dry weight. Soil-ridge treatments did not affect crown, 
leaf, or root dry weight in 1986 or 1987 (Table 3). It was 
thought that providing a media for new roots to grow into 
would enhance plant growth and increase plant size. Although 
runners used in this experiment were formed within the area of 
the soil ridge, it did not appear that any benefit to the root 
system, or to the entire plant, was gained. 
Plants with leaves intact had greater dry leaf weights for 
'Redchief' and 'Honeoye' in 1986 but not in 1987. However, 
the increase in dry leaf weight did not provide a 
corresponding increase in crown or root dry weight. 
57 
Although a larger canopy allowed the plant a higher photo-
synthetic capacity, other studies have found that the number 
of leaves on a runner did not affect the time or amount of 
flower initiation (1). This may explain why no difference 
between treatments for flower bud initiation was found. 
Leaf removal has been shown to delay and reduce runner 
formation (3, 16). Therefore, it would be expected that the 
treatments involving removal of leaves would have smaller 
plants resulting from runners that were formed later in the 
season. However, in this research the only differences seen 
in 1986 and 1987 for crown and root dry weights were between 
cultivar and not between leaf removal treatments (Table 4). 
Much of the research reporting a reduction in the number 
of barren crowns used 'Talisman' and 'Redgauntlet' that crop 
twice a year in Scotland (7, 8, 9). 'Earliglow•, 'Redchief', 
and 'Honeoye' showed a response similar to the strongly 
photoperiodic cultivars used by Mason (10). He found 
cultivars that were strongly photoperiodic did not react to 
leaf removal with increased yields as did the two-crop 
cultivars in Scotland. It appears that with the three 
cultivars included in these studies, flower bud initiation is 
not enhanced by leaf removal, or the application of a soil 
ridge at renovation. 
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The addition of a soil ridge during renovation of 
Junebearing strawberries did not affect the number of 
plants/0.31m2 , number of daughter plants/0.31m2 , total yield, 
berry number, berry size, time of flower bud initiation, or 
plant dry weight in this research. 
Defoliation of the strawberry plant, a common cultural 
practice for commercial growers, reduced the number of 
daughter plants/0.31m2 . Commercial strawberry growers in Iowa 
could use defoliation at renovation as a method to limit the 
number of plants/0.3lm2 within a planting of certain 
cultivars. There is a need to determine responses to 
defoliation by cultivar as 'Redchief' responded adversely to 
defoliation in 1986 with the leaves-removed treatment 
producing fewer daughter plants/0.31m2 , and a significantly 
lower yield in 1987, than plants with their leaves intact. 
However, 'Earliglow' and 'Honeoye' did not show any signifi-
cant differences in the number of daughter plants produced. 
Defoliation of the strawberry planting did not produce any 
difference in the time of flower bud initiation during this 
research. However, defoliation can cause a decrease in leaf 
and root dry weights in the cultivars 'Redchief' and 
'Honeoye•. This research has shown that the application of a 
soil ridge at renovation does not increase or decrease plant 
size, plant population, yield, berry number, or berry size. 
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Also, a soil ridge provided no benefit concerning flower bud 
initiation. 
It was shown that 'Redchief' can be adversely affected by 
defoliation while 'Earliglow' and 'Honeoye' showed no 
differences between leaf-removal treatments. This research 
suggests that commercial strawberry growers in Iowa may be 
decreasing plant size and yield by practicing defoliation at 
renovation. The response to defoliation was variable by 
cultivar, and further research to determine effects of 
defoliation on a cultivar basis is needed. 
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